M
any aspects of managing foot infections in patients with diabetes have improved dramatically and are summarized in recently published guidelines (1-3). Yet, the basic methods of determining the causative microorganisms from these infections by culturing wound specimens have remained largely unchanged for over a century. Obtaining a proper wound culture specimen allows the clinician to define the pathogens involved and their antibiotic susceptibility. Unfortunately, results of cultures are generally not available for at least 2-3 days. Thus, most antibiotic therapy for infections is selected empirically (4). By the time culture results arrive, they are usually too late to influence the initial antibiotic choice. Many clinicians, therefore, feel compelled to select an antibiotic regimen that will cover most of the likely bacteria for all but the mildest infections, leading to an unnecessarily broad spectrum of therapy. This overprescribing increases the likelihood of adverse drug effects, drives antibiotic resistance, and increases the cost of treatment. To the contrary, some clinicians conclude that it is not worthwhile to obtain cultures, believing that the belated results are unhelpful. This approach, however, makes it difficult to properly select an alternative regimen if the patient is failing to respond to the initial agent(s).
The increasing incidence of antibioticresistant pathogens as causes of diabetic foot infections makes selecting empiric antibiotic therapy more difficult. Those who treat these patients are well aware of the growing problem of methicillinresistant Staphylococcus aureus (MRSA), which is now frequently acquired in the community and in various types of health care facilities (5,6). In addition, in many clinics (especially in developing countries), highly resistant strains of gramnegative bacilli, especially Pseudomonas aeruginosa, are an increasing problem (7-9). Similarly, Enterococcus species are often isolated from diabetic foot wounds, especially in patients recently treated with antibiotics. It is often unclear whether some of these latter, less-virulent isolates, unlike S. aureus, represent true pathogens that require targeted therapy (10). An additional dilemma facing practitioners is that current guidelines recommend only treating diabetic foot wounds that are clinically infected, i.e., those with purulent secretions or with signs or symptoms of inflammation. Unfortunately, wounds in patients with peripheral neuropathy or peripheral arterial disease may fail to show classic symptoms of inflammation, which makes diagnosis difficult (11). Thus, it may be difficult to know which wounds require antibiotic therapy.
In this issue of Diabetes Care, Sotto et al. (12) show us a glimpse of what we may expect in the future for clinical microbiology. Among diabetic patients hospitalized with a foot ulcer, they selected those who had not had any recent antibiotic therapy and who had a wound culture specimen that grew only S. aureus. Almost one-half of these isolates were MRSA. They classified the wounds according to the Infectious Diseases Society of America/ International Working Group on the Diabetic Foot (1,2) as those that were clinically uninfected (grade 1) and those that were infected (grade Ն2). This wound classification system has recently been validated as predicting clinical outcomes of diabetic foot infections (13). The aim of the investigators was to differentiate colonized from infected wounds using a miniaturized oligonucleotide array, a genotyping method that can detect the presence of genes encoding for various virulence factors and antibiotic resistance in Ͻ1 day (14) . Clinically uninfected patients were not treated with antibiotic therapy, and only 8 of 22 (36%) patients healed their ulcer. They found that genes for both virulence and resistance factors were present significantly more often in clinically infected wounds. Virulence factors were present in S. aureus isolates of only two (9%) grade 1 patients. To the contrary, virulence factors were found in 49 of 50 (98%) infected patients. Among patients with grade 1 lesions, 13 (59%) had persistent colonization with S. aureus on follow-up cultures. Virulence factors were not present in either of the two whose wounds healed, whereas virulence factors were initially present or acquired at follow-up in all of those who failed to heal. These data highly suggest that virulence factors are markers for infected wounds. If so, they would offer an objective means of making this critical determination, particularly in patients with a neuroischemic limb. Furthermore, the presence of virulence factors appears to predict an adverse clinical outcome for which we have few other markers (15) .
This study provides a number of additional useful observations. First, whereas some grade 1 ulcers healed without antibiotic therapy, the majority did not. This outcome could be related to inadequacies of other aspects of wound care in these patients with a foot ulcer, but it could also represent a failure to properly identify clinically uninfected wounds. Second, S. aureus was a remarkably persistent colonizer, being recovered on follow-up culture in almost 60% of patients with a grade 1 ulcer. Third, only a few S. aureus isolates from ulcers that presented as a first episode were MRSA, compared with all of those from recurrent wounds. Patients with recurrent ulcers were likely to have been previously hospitalized and treated with antibiotics, which are known risk factors for MRSA in many, but not all, studies (16) . Fourth, ulcers that remained colonized with MRSA were unlikely to heal, affirming a worse outcome with MRSA than with other pathogens, as previously noted (17) . Specifically, Tentolouris et al. (16) found that in 84 patients with an infected or uninfected diabetic foot ulcer, S. aureus was the most common gram-positive wound isolate, that almost 50% of isolates were MRSA, and that the prevalence of MRSA was significantly higher in the infected ulcers. Fifth, there was a trend toward antibiotic resistance genes (especially for aminoglycosides) to be associated with greater clinical severity of infection. Sixth, virulence genes were sur-
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This study confirmed previously reported results of arrays and PCR tests (18, 19) . So, what further microbiological advances would help clinicians optimize antimicrobial therapy for diabetic foot infections? With PCR methods, it is possible to detect most species of pathogens in a wound in a matter of hours rather than days. PCR has already shown promise in various clinical situations, including identifying antibiotic-resistant gram-negative organisms (20) , bacteria that elaborate neurotoxins (21) or other virulence factors (22) , and slow-growing organisms like mycobacteria (23) . Additionally, previous antibiotic therapy would be much less likely to cause false-negative results than with a standard culture. PCR is also able to detect much smaller concentrations of microorganisms than standard cultures. It is certainly possible that PCR or similar techniques could provide not only the name of the pathogens but also their susceptibility patterns, all within a time frame that would allow replacing most empirical therapies with evidence-based therapy. Taken together, these faster, "smarter," and more sensitive techniques could revolutionize how we target antimicrobials against increasingly diverse and resistant pathogens. However, better microbiology detection methods will be of no value unless clinicians send laboratories optimally obtained specimens, i.e., tissue samples collected after wound cleansing and debridement. Applying what we already know about sending a good specimen to get a good result should improve our antibiotic prescribing now while we wait for the exciting innovations in clinical microbiology that appear to be coming in the near future.
